Abstract: The world's mining regions undergo abrupt and extensive land use change, the 2 impacts of which pose significant management challenges for mining companies and regulatory 3 agencies. In this study we investigated 20 years of land use change in Brazil's largest iron ore 4 mining region, the Quadrilátero Ferrífero (QF) using a remote sensing classification 
In this study we investigated 20 years of land use change within a large and well-established M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
6 making the QF the largest iron ore production and exportation region in Latin America. In 1 regards to land use, most land in the region is currently under some form of mining tenure, 2 including exploration, pre-operational or approved land for mining (DNPM 2012).
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Land in the QF is also used for other non-mining purposes, including biodiversity conservation, 14 Landsat TM data was chosen for analysis because its spatial and temporal scale (resolution 15 and extent) allowed mining operations to be identified (Irons et al. 1986 ). Performing overlaid with the date-2 image and only these pixels were classified. The advantage of using 3 this method is that it reduces the number of pixels to be classified, which may also reduce 4 omission and commission errors; however, accuracy depends on the threshold's ability to 5 detect changes between land cover classes. To classify change pixels, spectral signatures 6 collected from the 2010 baseline image were used and classification was performed as 2004 images since ground truth information was not available); however, the accuracy will 10 depend on the temporal stability of spectral signatures for all land cover classes.
Remote sensing classification of land use change
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The time series of land cover classes were then converted into land use classes using a 12 combination of cartographic information and time series decision rules. For the land cover 13 class of grass, a native vegetation map (SEMAD 2010) was used to distinguish between 14 native grasses (vegetation of Campo, Canga and Cerrado) and non-native grassy fields, which 15 were primarily low-density or abandoned cattle grazing properties. The time series rules were 16 used to correct changes in land cover that were not changes in land use. The time series rules 17 were as follows: 'plantation to grass' was reclassified to stable plantation, since this land 18 cover transition reflected plantation harvest, rather than plantation abandonment; 'plantation 19 to forest' was reclassified as stable plantation, since this was considered an unrealistic 20 transition; 'urban to non-urban' was reclassified to stable urban, also an unrealistic transition;
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'field to forest to field' was reclassified as stable field, since it was assumed regrowth 22 occurred only if forests persisted; and 'mining to grassy' was reclassified as stable mining, To assess accuracy, a crisp (one class per pixel) pixel-based assessment was used to collect 1 spectra and a stratified random sampling protocol was used to select ground truth points 2 ensuring that rare classes were sampled (Foody 2011; Stehman 2009). Sample locations were 3 generated using ENVI, reference (or 'ground truth') information on land use was collected 4 from higher-resolution imagery for these points, and confusion matrices were generated to 5 illustrate omission and commission errors and thus producer's and user's accuracy. Three Results showed that change was accurately detected (Table 4) ; however, 63% of pixels 13 detected as change actually underwent no change, suggesting a higher change detection 14 threshold may have been useful for some land use classes, however it was considered more 15 appropriate to overestimate potential change pixels, rather than risk not detecting them at all 16 (Table 4) . Third, the accuracy of using 2010 spectral information to classify pre-baseline land (Table 5 ). Accuracy was above 90% for all land use classes,
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indicating that errors in Table 4 were corrected for through classification. In this study, 20 quantitative field data accuracy assessment was not possible; however, each land use class of 21 interest here was detectable from high resolution images. (Table 1) . 16 Eight land use transitions were observed between 1990 and 2010 (Table 2 ). Native vegetation by competition between mining companies and urban developers; and a decline regional 7 forest regrowth rates driven by increased regional charcoal production. These results illustrate 8 the physical 'reach' of mining operations in this region, which were visible through a Land Change analysis in the QF mining region. 11 Previous studies undertaken within the Atlantic Forest illustrate landscapes that are highly 12 altered and contain a mosaic of land uses, which was similar our findings in the QF. For In the QF, deforestation rates have not declined since 2000 (Table 1, Table 2 ) and the 7 influence of forest legislation on reducing deforestation rates appears to have been minimal (Table 2) . This was because a highly profitable, alternative land use option (plantation 2 forestry) was available. Plantation forestry operations rapidly expanded in the QF (Table 1) 3 and this was uncharacteristic of other Atlantic Forest landscapes. In the QF, plantations 4 produce both cellulose (for paper production) and biomass for charcoal production. Charcoal 5 production is used in part for domestic purposes and in part for steel making (driven by the 
QF vs. surrounding non-mining landscapes
General processes of land use change in mining regions
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While some similarities were found between the QF and surrounding non-mining landscapes, 12 many differences were evident. Specifically, the QF contained additional highly profitably 3 The aggregated land area used directly for mining in the QF expanded over time (Table 1;   4 Figure 2), at a rate that also increased non-linearly ( Table 2 ). The expansion of mining The demand for minerals has grown across many mineral commodities (UNEP 2011). 2) 8 During recent decades there has been a shift from underground mining to massive-scale 
The direct footprint of mining expands over time
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Expanding the direct footprint of mining and exploration within already established mining 1 regions is expected to continue while their economically feasible mineral deposits remain. 14 In the QF, the land used by mining companies extended beyond their onsite operations.
The offsite footprint of mining is extensive and also often expanding
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Offsite footprints have previously been referred to as 'shadow effects' or 'spill-over effects'
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(Marshall 1982; Schueler et al. 2011 ) and these also appear common in mining regions.
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Specifically in the QF, we found land was used offsite for plantation forestry to produce Further west in the same state, the planning for new railway corridors for the development of 3 the Galilee Basin for coal production has been the subject of significant approvals and 4 community conflict. On the other hand, the World Bank is examining the design of railway 5 development for mining in East Africa to also create regional-scale synergies for opening 6 land for food production by creating the ability to transport all commodities to markets.
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The general trend is that the full extent of land used to support mining operations is in 8 addition to its direct footprint (Sonter et al. 2013b) , suggesting that regional management of 9 mining should also consider land used offsite and the effects of this on adjacent land users.
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This is especially true since important feedbacks often exist between increasing offsite sensing information is likely to be useful in many cases and essential in some.
Land use change in mining regions is driven by global factors
7
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